Cod were caught using different methods depending on the location of tagging, prevailing conditions and the particular expertise of the fishermen involved. Cod were generally targeted during or just after the spawning season, but tagging did take place at other times in some ecosystems. In the southern North Sea, cod were caught in shallow water (~25 m) by rod or longline (Righton et al. 2006). In the northern North Sea, cod were caught in deep water (>60 m) using a BT 158 Jackson rockhopper trawl (Neat et al. 2006). In the Baltic, cod were caught by longline in water less than 30 m deep. In the Skagerrak, cod were caught in cages or by 30 min trawls (Svedäng et al. 2007). In the Barents Sea, cod were caught at 100 m using ground trawl and purse seine (Godø & Michalsen 2000). On the Iceland shelf, cod were caught at between 20 and 110 m using a gill net or Danish seine net (Pálsson & Thorsteinsson 2004). In all cases, captured fish were brought slowly to the surface to optimise post-tagging survival. Skagerrak cod larger than 37 cm (due to the exclusive use of the smaller Lotek 2400 tags) and in other regions larger than 50 cm were considered suitable for tagging, and retained in tanks supplied with running seawater long enough to determine if they were in suitable condition for tagging. Typically, these were cod that could maintain buoyancy near the bottom of the tank without apparent difficulty and without external injury, such as bloodied fins or net-marks. Healthy cod were then measured to the nearest centimetre total length (TL). Previous studies have suggested that, while the capture procedure was likely to have induced reequilibration behaviour as a result of the tagging procedure (van der Kooij et al. 2007), individuals were likely to have returned to normal behavioural patterns within 2 wk of being released.
Supplement 1. Detailed materials and methods

Tagging and tag data
Cod were caught using different methods depending on the location of tagging, prevailing conditions and the particular expertise of the fishermen involved. Cod were generally targeted during or just after the spawning season, but tagging did take place at other times in some ecosystems. In the southern North Sea, cod were caught in shallow water (~25 m) by rod or longline (Righton et al. 2006 ). In the northern North Sea, cod were caught in deep water (>60 m) using a BT 158 Jackson rockhopper trawl (Neat et al. 2006 ). In the Baltic, cod were caught by longline in water less than 30 m deep. In the Skagerrak, cod were caught in cages or by 30 min trawls (Svedäng et al. 2007 ). In the Barents Sea, cod were caught at 100 m using ground trawl and purse seine (Godø & Michalsen 2000) . On the Iceland shelf, cod were caught at between 20 and 110 m using a gill net or Danish seine net (Pálsson & Thorsteinsson 2004) . In all cases, captured fish were brought slowly to the surface to optimise post-tagging survival. Skagerrak cod larger than 37 cm (due to the exclusive use of the smaller Lotek 2400 tags) and in other regions larger than 50 cm were considered suitable for tagging, and retained in tanks supplied with running seawater long enough to determine if they were in suitable condition for tagging. Typically, these were cod that could maintain buoyancy near the bottom of the tank without apparent difficulty and without external injury, such as bloodied fins or net-marks. Healthy cod were then measured to the nearest centimetre total length (TL). Previous studies have suggested that, while the capture procedure was likely to have induced reequilibration behaviour as a result of the tagging procedure (van der Kooij et al. 2007 ), individuals were likely to have returned to normal behavioural patterns within 2 wk of being released.
Temperature and pressure (depth)-sensitive data-logging tags (Table S1 ) were programmed to record depth and temperature at intervals between 1 min and 6 h, depending on tag memory size, to ensure that tags would record data for more than 12 mo if still at liberty. Tags were attached either externally or internally. External tags were attached by threading monofilament line or wire from the attachment points of the data storage tag (DST) through the muscles anterior to the first dorsal fin and fastening the ends securely on the other side (for details, see Godø & Michalsen 2000 , Pálsson & Thorsteinsson 2003 , Righton et al. 2006 ). In the case of internal tagging, individuals in all ecosystems except the Icelandic plateau were first placed in a shallow (~20 cm) bath containing anaesthetic (2-phenoxyethanol and MS-222) until light anaesthesia was achieved. Subsequently, a small (1.5 cm) incision was made in the skin of the belly, just behind the ventral fins, and an electronic tag was inserted. The incision was then stitched twice with absorbable sutures and the wound smeared with antibiotic powder mixed with orahesive. All surgical instruments were sterilised before use on each individual. All tagging was conducted under governmental licence and in adherence with national regulations on the treatment of experimental animals.
Return of the tags through the commercial fishery was incentivised with a financial reward. Data stored on tags were downloaded and stored on a central database (summarised in Fig. S1 & Table S2 ). Period of observation 2002-2006 2002-2006 2002-2006 2002-2006 2002-2006 2002-2008 1999-2007 2002-2006 No 
Generalised least squares regression analysis relating cod growth to temperature
Out of the 384 cod that were returned after 90 d, 232 had complete and reliable information on length at release and recapture and a near-complete (to within 2 wk) record of daily temperature (Table S3 ). All cod were grouped according to the ecosystem they were released in. Movement between ecosystem occurred in only 1 case, and the effects of this on the analysis were considered to be negligible. The ecosystems included in the analysis differed slightly from those presented in other analyses, for the following reasons. Kattegat and Skaggerak cod were grouped together, as were west and south Iceland cod since they did not differ significantly from each other in either growth rate or temperature experience. Tagged Barents Sea cod were rarely returned with the carcasses or measurements of the tagged fish, and so were excluded from the analysis.
To analyse the relationship between temperature, ecosystem and fish size, the mean temperature between release and recapture and the mean length of fish between release and recapture were computed.
We used increase in length between release and recapture to estimate growth rates. Growth rate was assumed to be linear with respect to fish size and age, based on strong linear relationships between the length at release and the length at recapture and the length increase and the number of days at liberty. Therefore, the daily length increase (in mm) was calculated from the total length increase divided by the number of days at liberty.
Inspection of the data showed that there was significant heterogeneity in the variance of mean growth rate across ecosystems and with mean temperature and mean length of fish. A generalised least squares regression was undertaken using the nlme library of R.
The full model was:
Daily length increase = Temperature Ecosystem Mean length Ecosystem was specified as a factor. Several variance structures were modelled using restricted and maximum likelihood (REML) estimation and compared using the F-test (analysis of variance, ANOVA), and model fit was assessed using the Akaike Information Criterion (AIC). A power function (varPower: Pinheiro & Bates 2000) that allowed the covariance of growth rate and temperature to differ according to ecosystem yielded the lowest AIC, and inspection of the residuals showed a homogenous distribution (Fig. S2) . The model could not be further simplified without a reduction in AIC; therefore, all interactions were included. 
Characterising marine climate
Temperature data were compiled from the International Council for the Exploration of the Sea (ICES) Oceano-graphic Database containing depth-specific conductivity-temperature-depth (CTD) and bottle measurements. From the database, we selected all available temperatures between 1950 and 2005 within the different areas under investigation ( Fig. S3 , Table S4 ). Data were subsequently aggregated to obtain monthly means per year and 5 m depth stratum down to the maximum depth (Table S4) .
To calculate the available thermal environment for cod during the period of the tagging study, concurrent ICES CTD data (i.e. those that matched as closely as possible the period during which the tags were collecting temperature data) were extracted from an area that enclosed the geographic limits of tag recaptures plus 0.5° longitude or latitude in each compass direction. Sufficient contemporaneous CTD data (>450 individual casts in the study period) were only available for 3 ecosystems, so extraction criteria were broadened (Table S4 ) to include earlier CTD data. In the case of the Faroes, it was necessary to go back to 1978 to collate >500 CTD casts and, while this raised the risk that the comparison to data collected from cod would be less informative, this is balanced by the better spatial coverage of the data. Once collated, the temperature data for the lower 50% (the portion of the water column that cod are most likely to occupy) of each CTD cast was extracted, and probability density functions (pdfs) were calculated for each ecosystem. 1998 -2004 2003 -2006 1978 -2008 1998 -2004 1998 -2004 1998 -2008 2002 -2008 1999 -2007 
Supplement 2. Additional results
Marine climate
In all ecosystems, the thermal environment of cod shows vertical and temporal variations (Fig.  S4 ). The thermal stratification in the upper water layers varies seasonally in response to the annual cycle of solar heating and wind-induced mixing. In autumn and winter, the stratification is eroded by convection and strong wind mixing. For the most northern areas (Barents Sea and the area north of Iceland), the thermal stratification during spring and summer is less pronounced. In stratified systems like the Kattegat and the Baltic Sea, density stratification forms a barrier for vertical exchange. Mixing across isopycnal surfaces can only occur if sufficient energy exists to overcome the potential energy of the density stratification, i.e. cooling of sea surface temperatures in autumn and winter increases the density of the surface layer and reduces the energy required for mixing, while warming results in stabilisation of the water column and development of a thermocline. The central and southern North Sea are mainly tidally driven ecosystems, and therefore only show seasonal variations of the thermal environment, with temperatures almost homogeneously distributed down to the bottom.
Latitudinal and bathymetric effects on thermal habitat occupation
The habitat envelopes occupied by cod in different ecosystems varied considerably (Fig. S5) . The average temperature experience of cod in each ecosystem was therefore considered to be a function of the available depth of water and the local climate (latitude). Linear equations fitted between temperature and depth (y = -0.017x + 8.76; r 2 = 0.248, df =1, 382, p < 0.0001) and between temperature and average latitude (y = -0.212x + 19.97; r 2 = 0.176, df =1, 382, p < 0.0001) showed significant relationships (Fig.  S6) . The relationships were further tested using multiple linear regression models describing temperature as a function of both depth and latitude for data from all regions combined (F = 72.17; r 2 = 0.272, df =2, 381, p < 0.0001) and for each region separately (Table S5) .
® ®
To further test the relationship between temperature experience and the basic properties of the ecosystem, we explored the links between daily temperature range, latitude and mean depth. Overall, there was a weak but significant relationship between latitude and mean daily temperature range, described by linear equations fitted between average daily temperature range and depth (y = -0.001x + 1.05; r 2 = 0.006, df = 1, 382, p = 0.129) and between average daily temperature range and latitude (y = -0.057x + 3.68; r 2 = 0.06, df = 1, 382, p < 0.0001). The relationship was further tested using a multiple linear regression model for all regions combined (F = 13.52; r 2 = 0.064, df =2, 381, p < 0.0001), and separately for each ecosystem (Table S6 ). The results show that mean depth was nearly always a significant factor in determining average temperature range within each ecosystem, but that latitude was only a factor in those ecosystems where cod did not occupy thermally stratified waters for long periods, i.e. those cod that did occupy stratified waters experienced great variation in daily temperature range, regardless of latitude. 
